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Method of arc welding with a consumable electrode. 

The invention relates to a method for controlling a 
weaving path of a welding torch to trace a welding line in 
consumable electrode arc welding, the method comprising: 
detecting in a rightward weaving stroke of weaving motion a 
welding current level IL, at the left end position of the 
weaving motion and a minimum current level IL 2 during the 
period of the rightward weaving stroke and in a leftward 
weaving stroke of weaving a welding current level IR, at the 
right end position of the weaving motion and a minimum 
current level IR 2 during the period of the leftward weaving 
stroke; calculating the values of differential current (IL, - IL 2 ) 
and (IR, - |R 2 ) in the rightward and leftward weaving 
strokes, respectively; comparing and computing a disparity, 
If any, between the differential current values; and shifting 
the position of a median point of weaving motion according 
to the extend of the disparity in the differential current 
values. 
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Title: Method of arc welding with a consumable 
electrode 



This invention relates to consumable electrode arc 
welding for joining a gap of V- or L-shape or of a similar 
shape by weaving a torch along a welding line, and more 
particularly to a method for automatically controlling 
the centre position of weaving to trace a weld line. 

Automation of arc welding has been a subject of 
energetic studies in order to improve the productivity 
of welded structural materials, reduce the welding cost 
and standardize the quality of welding operations. The 
greatest problem which is involved in the automation of 
arc welding is the control of the weaving path along the 
welding line. 

In short, the welding line tracing operation depends 
on how much a welding line detector can overcome the 
structural limitations of welding materials and variations 
in the shape of the welding gaps and whether or not it can 
accurately detect a welding line to be followed in spite 
of deviations due to distortions during a welding operation. 
Therefore, there have thus far been proposed various 
kinds of detection systems, including mechanical, electrical 
and fluid type detection systems. 

The conventional detection systems have a common 
difficulty in that it is difficult to attach a detector 
in a position close to a welding torch due to poor 
environmental conditions including the heat peculiar 
to arc welding, blazing light, fumes, spatters and lack 
of space. Therefore, in some cases the detector can 
be an obstacle and can restrict application to certain 
structural materials, and also it can be difficult to 
detect the welding line at an actual arc generating 
point. 

In an attempt to overcome these problems or 
difficulties, many efforts have been made in the past 
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several years to establish and realize a method for 
detecting the weld line at an arc generating point. 
For example, studies are actually being made on a method 
of analyzing a picture image of the arc generating 
point taken by an ITV camera for the detection of 
the welding line, which however still has a number 
of technical and financial problems to be solved 
before application, such as the limitations of the 
mounting position due to the use of a bulky ITV camera, 
costly equipment, etc. 

On the other hand, there has been proposed a more 
acceptable method which, for real time detection of the 
welding line at an arc generating point, utilizes certain 
phenomena which take place during welding operation. 
This method detects the welding line by utilization of 
correlation between the length of welding wire extension 
and the amount of welding current without necessitating 
a detector exclusively for this purpose. 

The present invention concerns an automatic weaving 
path control method of the category which utilizes such 
phenomena in welding operation. 

A method of automatic weaving path control based 
on this sort of phenomena is proposed, for instance, in 
Laid-Open Japanese Patent Application No. 52-78654 in 
which the values of welding current at the reversing 
ends of weaving motion are detected and compared with 
each other, adjusting the position of a holder of a 
weaving source or axis of weaving motion such that the 
currents at the reversing ends are equalized. 

In the method mentioned above, the detected values 
of welding current at the opposite reversing ends of 
weaving motion are compared with each other and a value 
of differential current which is obtained by subtracting 
a value of current at a left end position from a value 
at an opposite right end position is relied on as a value 
which represents a deviation (a deviate distance) of the 
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centre or median point of weaving from the weld line. 
Thus, the welding line tracing accuracy depends on the 
degree of accuracy with which *±he value of differential 
current/deviation is detected. Therefore, it becomes 
5 necessary to ensure detection of very small values 
of differential current/ that is to say, to ensure 
extremely high detection sensitivity of the welding 
current. 

Besides, in order to cope with alterations of 

10 welding conditions, it is required to secure high 
detection sensitivity over a wide range of welding 
current settings. For instance, the value of differ- 
ential current/deviation is very small in the fillet 
welding of a short leg length where the welding is 

15 performed at a low current and with a small weaving width. 
According to the results of experiments, for 
example, of a horizontal fillet welding of a leg len <£h 
of 6mm, using a shielding gas composition of Ar + 20%C0 2 , 
a wire of a diameter of 1.2mm, an average welding current 

20 of 280 A, a voltage of 28 V, a welding speed of 55 cm/min, 
a weaving motion of 150 cycles/minute, and a weaving 
width of 3mm, the differential current as measured by 
an optical electromagnetic oscillograph is as small as 
about 5 amperes when the centreline of weaving deviates 

25 by 1mm toward a vertical plate. In this instance, if 
the target of tracing is set at 0.2mm, there will be 
required a current detection sensitivity of 1/280, which 
is only possible with a complicated and costly control 
device . 

30 It is therefore an object of the present invention 

to mitigate the above-mentioned problems and difficulties 
of the conventional methods. A more particular 
object of the present invention is to provide a method 
for automatically controlling a weaving path to trace 

35 a welding line in consumable electrode arc welding. 

According to the present invention, there is 
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provided a method for controlling a weaving path 

of a welding torch to trace a welding line in consumable 

electrode arc welding, the method comprising: 

detecting in a rightward weaving stroke of weaving 
motion a welding current level 11^ at the left end 
position of the weaving motion and a minimum current 
level IL 2 during the period of the rightward weaving 
stroke and in a leftward weaving stroke of weaving a 
welding current level IK X at the right end position of 
the weaving motion and a minimum current level IRj 
during the period of the leftward weaving stroke; 

calculating the values of differential current 
(IL X - IL 2 ) and (IR X - IR 2 ) in the rightward and leftward 
weaving strokes, respectively; comparing and computing a 
disparity, if any, between said differential current 
values ; and 

shifting the position of a median point of weaving 
motion according to the extent of said disparity in 
said differential current values. 

The above and other objects, advantages and features 
of the present invention will become apparent from the 
following description and appended claims, taken in 
conjunction with the accompanying drawings which show 
by way of example a preferred embodiment of the present 

invention. 

In the accompanying drawings: 

FIGURE 1 is a diagrammatic illustration of a 
welding operation where the median point of weaving 
motion correctly traces a welding line; 

FIGURE 2 is a chart of output waveform of an 
optical electromagnetic oscillograph measuring the 
welding current in an operation as in FIGURE 1; 

FIGURE 3 is a diagrammatic illustration of a 
welding operation where the median point of weaving 
motion deviates from a welding line; 
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FIGURE 4 is a chart of output waveform of an 
optical electromagnetic oscillograph measuring the 
welding current in an operation as in FIGURE 3; 

FIGURE 5 is a diagrammatic illustration showing 
an outline of a welding machine to which the present 
invention is applied; 

FIGURE 6 is a block diagram of a control section 
of the welding machine of FIGURE 5; and 

FIGURE 7 is an explanatory timing chart of the 
operation of the control section shown in FIGURE 6. 

Referring to the accompanying drawings and first 
to FIGURE 1, there is shown by way of example a fillet 
welding operation using a welding power source of 
constant voltage characteristics , in which a horizontal 
plate 1 and a vertical plate 2 are welded together by 
weaving a welding torch 3 along and across a welding 
line Sw (extending in a direction perpendicular to 
the surface of the figure). In this instance f if a 
welding wire 4 is fed at a constant speed, the length St 
of wire extension varies depending upon the shape 
of bevelling. 

FIGURE 1 illustrates a good example in which a 
median point S 2 of the weaving motion of the welding 
torch 3 correctly traces the welding line Sw. FIGURE 2 
shows variations in the welding current in such a 
welding operation and, more specifically, the waveform 
of current in the periods of forward weaving motion 
of the torch 3 from a left end position S 1 to a right 
end position S 3 through a median point S 2 and in the 
periods of reverse weaving motion from a right end 
position S 3 to a left end position as measured 
and recorded by an optical electromagnetic oscillograph . 
in a fillet welding with a leg length of 7.5mm, using 
a shielding gas composition of Ar + 20%CO 2 , a wire 
electrode of a diameter of 1.2mm, an average welding 
current of 305 A, a welding voltage of 29 V, a welding 
speed of 35 cm/min, a weaving motion of about 150 cycles/min, 
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and a weaving width of 6mm. A low-pass filter with a 
cut-off frequency fc at 10 Hz is used in the measurement 
of the welding current for removing high frequency 
components attributable to the mains frequency of 
the welding power source or the components resulting 
from irregular shortcircuiting of the arc. The time 
T of phase lag of the welding current signal through 
the low-pass filter is about 0.05 second. The right 
and left end positions of the weaving motion are detected 
by proximity switches which are mounted on the weaving 
mechanism. 

As is clear from FIGURE 2, when the welding line Sw 
is correctly traced by the median point S 2 of the weaving 
width of the welding torch 3, the currents levels 11^ 
and IR X at the left and right reversing ends of weaving 
motion are equal to each other due to the correlation 
between the length of wire extension and welding current, 
and likewise the minimum current levels IL 2 and IRj in 
the forward and reverse strokes are at the same level. 

It will also be understood that the current levels 
11^ and IRj^ at the left and right end positions should 
be detected with a delay of time T , respectively, from 
the time points when the left and right end positions 
are actually reached, in view of the phase lag of the 
welding current Signal through the low-pass filter. 
On the other hand, the values of minimum welding current 
levels IL 2 and IR 2 are obtained by detecting the 
minimum current value in the forward or reverse stroke 
of the weaving motion after detecting the value of 
left end current level 11^ or right end current lR r 
FIGURE 3 shows a weaving operation in which the 
median point S 2 of the weaving width deviates from the 
welding line Sw and towards the vertical plate 2, which 
is reflected by variations in the welding current in 
the forward and reverse strokes of the weaving motion 
as shown in FIGURE 4. 
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FIGURE 4 depicts a waveform of welding current 
measured and recorded by an optical electromagnetic 
oscillograph in a horizontal fillet welding operation 
under the same conditions as in FIGURE 2 except for a 

5 deviation of D - 2 mm from the welding line Sw. 

It will be understood therefrom that a deviation toward 
the vertical plate 2 causes a difference between the 
values of the right and left end currents IR X and 11^ 
and makes IR 1 > IL^. 

10 What is important in FIGURE 4 is the fact that the 

minimum welding current levels IL 2 and IR 2 in the forward 
and reverse strokes of weaving motion becomes unequal 
and IRj < IL 2 , although it appears that the values of 
the two minimum currents should be IR - IL according 

15 to a simple assumption ffcom the correlation between 
the length of wire extension and the amount of 
welding current. The reason for this phenomenon is not 
necessarily clear but, from the data of arc observation 
during experiments, it is gathered that the arc behaves 

20 differently to the molten pool on the welding line at 
the bevelling when the median point S 2 of weaving 
motion deviates from the welding line Sw, due to a 
variation in the behaviour of the molten pool, resulting 
in the variations of the welding current as shown in 

25 FIGURE 4. 

Further, it has been confirmed by experiments that 
the minimum current level IR 2 in the reverse stroke of 
weaving motion is always smaller than the minimum current 
level IL 2 in the forward stroke and that the difference 

30 between the two minimum currents, (IL 9 - IR 0 ), is 

proportional to the value of deviation of the median 
point S 2 from the welding line Sw. 

Conversely, if the median point S 2 of weaving 
motion deviates toward the horizontal plate 1, the above- 

35 mentioned relations of FIGURE 4 are inversed, i.e. the 
end current signals become 11^ ^ IR^^ and the minimum 
current signals in the forward and reverse strokes become 
IR 2 ^ IL 2- 
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To summarize, the above-mentioned various current 
signals provide the following criteria of deviate 
directions, in which the left end and minimum current 
levels in the weaving stroke from the left end 
position S x to the right end position S 3 past the 
median point S 2 are expressed by 11^ and IL 2 , respectively, 
while the right end and minimum current levels in the 
weaving stroke from the right end position S 1 to the 
left end position S 3 past the median point S 2 are 
expressed by and IR 2 , respectively. 

(IL - IL 2 ) = (IR-l - IR 2 ) : The median point S 2 of weaving 
1 " motion in alignment with the 

welding line Sw. 

(IL X - IL 2 ) > (IR X " IR 2 ) : ' rti& median point S 2 of 

weaving motion deviated 
to the left of the welding 
line Sw. 

(IL X - IL 2 ^< (IR-l " IR 2 ) ' siie median point S 2 of 

weaving motion deviated to 
the right of the welding line 
Sw. 

In addition, the values of differential currents 
(IL. - IL 2 ) and (IR L - IR 2 > as well as the disparity 
between the two differential currents [(1^ - IL 2 ) - 
(IR - IR 2 ) ] , are all proportional to the amount of 
deviation of the median point S 2 of weaving motion from 

the welding line Sw. 

Thus, it becomes possible to control the path of 
weaving automatically in such a manner that the welding 
line is traced by the median point of weaving, by 
detecting the end current levels JL X and IR^ and minimum 
current levels IL 2 and IR 2 which appear at every half 
period of weaving, motion and calculating and comparing 
the values of differential currents (IL L - IL 2 ) and 
(IRj^ - IR 2 ) , controlling the position of the median 
point of weaving according to the result of comparison, 
namely, shifting the position of the median point in a. 
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direction and in a certain degree which offset a disparity 
between the two differential currents, if any, according 
to the criteria of deviate direction mentioned herein- 
before. As compared with the conventional method which 

5 relies on the differential current between the welding 

current levels at the right and left ends of the weaving 
motion, the method of the present invention can ensure a 
higher detection sensitivity by the use of a detector 
with the same level of current response since the 

10 variance between the two differential current signals 
indicates a deviation of weaving on a magnified scale 
to permit a weaving path control of higher accuracy. 

For instance, in detecting a deviation of weaving 
as shown in FIGURE 4, the conventional method of 

15 detecting the current levels at the right and left ends 
of weaving relies on a current differential of about 
11 A/mm, in contrast to the method of the present 
invention in which the same deviation is detected by 
an almost doubled signal of about 20 A/mm, a disparity 

20 between the two differential currents [ (11^ - IL 2 ) - 

(1^ - IR 2 ^ ' that is to sa y' with a doubled detection 
sensitivity to deviations. 

Reference is now made to FIGURE 5 which shows a 
welding machine with a weaving path control system for 
25 carrying out the method of the present invention, and to 

FIGURES 6 and 7 which are a block diagram arid an operating 
timing chart of a control section of the system, respect- 
ively r 

In FIGURE 5, designated at 3 is a welding torch, 
30 at 4 a wire electrode, at 5 a base material with a 

V-bevelling, at 6 rails providing a track for a carriage 
7, at 8 a slider for adjusting the median point of weaving 
motion in lateral directions, and at 9 a motor for driving 
the slider 8. Further indicated at 10 is a weaving 
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mechanism for imparting weaving motion to the welding 
torch 3, at 11 a motor for driving the weaving mechanism 
10, at 12 a flange for connecting the slider 8 with 
the weaving mechanism 10 f and at 13 a power source 
for supplying welding current or voltage across the 
welding torch 3 and base material 5, and at 14 a 
detector for detecting the welding current. 

A control section which is indicated by reference 
numeral 15 is supplied with the output signal of the 
welding current detector 14 and with weaving end 
signals produced by weaving end detectors (omitted in 
FIGURE 5) mounted on the weaving assembly 10 to detect 
the right and left end positions of the weaving motion. 
In turn, the control section 15 produces an output signal 
for controlling the dirve motor 11 of the weaving 
mechanism 10 and an output signal for controlling the 
drive motor 9 of the slider 8 to shift the median point 
of weaving motion according to the method of the present 
invention. 

In FIGURE 6, designated at 9 is the drive motor 
for the slider 8, at 11 the drive motor for the weaving 
mechanism, at 14 the welding current detector, at 16 a 
left end position detector in the form of a proximity 
switch or the like, at 17 a right end position detector 
and at 15 the control section. 

The control section 15 includes a timing signal 
generator 18 which produces timing signals for controlling 
operations of various circuits according to position 
signals ? 1 and P 2 indicating left and right end positions 
of the weaving motion, respectively. 

Further included in the control section 15 are 
an amplifier 19 for amplifying the detected welding 
current signal, a low-pass filter 20 for removing high 
frequency components attributable to mains frequency, 
a left end current detecting/holding circuit 21 for 
detecting and holding a left end current level 11^ in 
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response to the left end position signal P 3 , a first 
minimum current detecting/holding circuit for detecting 
and holding a minimum welding current IL^ in the 
forward stroke of weaving in response to a first minimum 

5 current detection signal P 4 indicating the forward 

weaving period, a first differential current calculator 
23 for calculating the difference between the left end 
current level IL^ and the minimum current level IL 2 
upon termination of the forward stroke of weaving motion 

10 in response to a first differential current calculation 
signal to obtain the value of the differential 
current (11^ - IL 2 ) , and a first differential current 
storage circuit 24 for storing the calculated value 
of the differential current - IL 2 ) for a period 

15 specified by a first differential current storage 
signal P g . 

Similarly, the control section 15 includes a 

right end current detecting/holding circuit 25 for 

detecting and holding the value of right end current 

20 IR^ in response to a right end position signal P ?f 

a second minimum current detecting/holding circuit 26 

for detecting and holding the value of the minimum current 

in the reverse stroke of weaving specified by a second 

minimum current detection signal P Q , and a second 

o 

25 differential current calculating circuit 27 which 

calculates the difference between the right end current 
level IR.^ and the minimum current level IR 2 upon 
termination of the reverse stroke of weaving motion to 
produce a signal indicating the value of the differential 

30 current (1R 1 - IR 2 ) . 

Indicated at 28 is an arithmetic control circuit 
which compares the two differential current signals 
(1L«l - IL 2 ) and (IR^ - IR 2 ) in response to a comparison 
trigger signal P to calculate the disparity of the 

35 differential signals, if any f at 29 a drive circuit for 
the slider drive motor, at 30 a selector for manually 
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moving the slider 8, at 31 a drive circuit for the 
weaving mechanism drive motor, and at 32 a weaving 
speed selector. The width of weaving is preset at 
a suitable value by adjusting the mechanical parts 
of the weaving mechanism. 

Now, operation of the control section 15 is 
explained with reference to FIGURES 6 and 7. 

As soon as the welding torch 3 reaches the left 
end position of weaving, a left end signal P x produced 
by the left end position detector 16 is supplied to the 
timing signal generator 18. Upon receipt of the left 
end signal P.,, the timing signal generator 18 produces 
a left end current detection signal P 3 with a delay 
of TT which corresponds to the phase lag through the 
low-pass filter of the welding current signal to the 
left end current detecting/holding circuit 21. 

Upon receipt of the left end current detection 
signal P 3 , the left end current detecting/holding 
circuit 21 reads the welding current signal from the 
welding current detector 14 through amplifier 19 and 
low-pass filter 20 to detect and hold the value of the 
left end current level 11^. Simultaneously with the 
detection of the left end current 11^, the first minimum 
current detection signal P 4 is supplied to the first 
minimum current detecting/holding circuit 22 to read 
and hold the minimum level IL 2 of the welding current 
signal in the period of the forward stroke of weaving 
until the welding torch 3 reaches the right end position. 

As soon as the welding torch 3 reaches the right 
end position by the progress of weaving, a right end 
position signal P 2 produced by the right end position 
detector 17 is supplied to the timing signal generator 18. 
Upon receipt of the right end position signal P 2 , the 
timing signal generator 18 sends out a first differential 
current calculation signal P 5 to the first differential 
current calculator 23. Whereupon, the first differential 
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current calculator 23 calculates the difference between 
the left end current level IL 1 detected and held in the 
first left end current detecting/holding circuit 21 and 
the minimum current level IL 2 detected and held in the 

5 first minimum current/detecting holding circuit 22 to 
produce a signal indicating the value of differential 
current (IL 1 - IL 2 > . 

At the time point when the calculation of the 
differential current (11^ - IL 2 > is completed, a first 

10 differential current storage signal P,. is sent to the 
first memory circuit 24 to store therein the calculated 
value of differential current (IL^ - IL 2 ) . The current 
values detected by and held in the left end current 
detecting/holding circuit 21 and the first minimum current 

15 detecting/holding circuit 22 are cancelled at the time 
point when the differential current (IL^ - IL 2 ) is stored 
in the circuit 24. 

As the welding torch 3 reaches the right end position, 
the timing signal generator 18 sends out a right end 

20 current detection signal P ? to the right end current 
detecting/holding circuit 25 in response to the right 
end position signal but with a delay of 7T which 
corresponds to the phase lag through the low-pass filter 
of the welding current. At the time point when the 

25 right end current detection signal P ? is received, the 

right end current detecting/holding circuit 25 reads 

in the welding current signal to detect and hold the 

value of the right end current IR^ Simultaneously, 

with the detection of the right end current level IR 2 , 

30 the second minimum current detection signal P 0 is sent 

o 

to the second minimum current detection/holding circuit 26 
to start reading the welding current signal to measure 
and hold the value of a minimum current level IR 2 in 
the period of the reverse stroke of weaving until the 
35 welding torch 3 reaches the left end position. 

As soon as the welding torch 3 reaches the left end 
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position again by further progress of weaving operation , 
the timing signal generator 18 sends out a second 
differential current calculation signal P g to the second 
differential current calculator 27. Whereupon, the 
second differential current calculator 27 calculates the 
difference between the values of the right end current 
IRj^ detected and held in the right end current detecting/ 
holding circuit 25 and the reverse stroke minimum current 
11*2 detected and held in the second minimum current 
detecting/holding circuit 26. 

At the time point when the calculation of differ- 
ential current (11^ - IR 2 ) is completed, the timing 
signal generator 18 sends out a comparison trigger 
signal P 1Q to the arithmetic circuit 28 thereby to read 
the values of the differential current (11^ - IL 2 ) stored 
in the first differential current memory circuit 24 
and the differential current (IR-,^ - IR 2 > calculated by 
the second differential current calculating circuit 27 
and compute the disparity between the two differential 
currents, [(11^ - IL 2 ) - (IR X - IR 2 ) ] , if any. 

If a disparity is detected as a result of comparison 
of the values of the two differential currents, the 
arithmetic control circuit 28 produces a deviation 
signal indicating the degree and direction of deviation 
according to the value of the detected disparity and 
the criteria of deviate directions as mentioned hereinbefore, 
for supply to the drive circuit 29. Upon reading the 
amount and direction of deviation, the drive circuit 29 
drives the motor 9 to shift the slider 8 according to 
the amount and direction of deviation, thereby bringing 
the median point of weaving into alignment with the 
welding line. At the time point when the comparison 
and calculation of the numeric control circuit 28 is 
completed, the current values detected and held in the 
right end current detecting/holding circuit 25 and the 
second minimum current detecting/holding circuit 26 as 
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well as the value of differential current (11^ - IL 2 ) 
stored in the first differential current memory circuit 
24 are erased. 

The cycle of the foregoing operation is repeated 

5 in order to control the weaving path automatically along 
a welding line* 

As clear from the foregoing description, the 
present invention controls the weaving path in arc welding 
by detecting in the forward and reverse strokes of 

10 weaving motion the welding current levels at the left 
and right end positions and minimum current levels 
to calculate the differential current values (11*^ - IL 2^ 
and (IR^ - II^) in the forward and reverse strokes of 
weaving, comparing and computing the variance between 

15 the two differential current values, and shifting the 
position of the median point of weaving motion in such 
a manner as to equalize the two differential current 
values. Therefore, it becomes possible to enhance the 
detection sensitivity to deviations from the welding 

20 line and to control the weaving path with higher accuracy 
as compared with the conventional method. In addition, 
the method of the present invention does not require to 
provide a detector exclusively for the detection of a 
welding line so that it can be applied widely to the 

25 welding of various structural materials . 
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CLAIMS: 

1. A method for controlling a weaving path of a 
welding torch to trace a welding line in consumable 
electrode arc welding, the method conprising: 

detecting in a rightward weaving stroke of weaving 
motion a welding current level IL at the left end 
position of the weaving and a minimum current level IL 2 
during the period of the rightward weaving stroke and 
in a leftward weaving stroke of weaving a welding current 
level IRj^ at the right end position of the weaving motion 
and a minimum current level IR 2 during the period of the 
leftward weaving stroke; 

calculating the values of differential current 
(11^ - IL 2 ) and (IR X - IR 2 ) in the rightward and 
leftward weaving strokes, respectivey? 

comparing and computing a disparity, if any, between 
said differential current values; and 

shifting the position of a median point of weaving 
motion according to the extent of said disparity in said 
differential current values. 

2. A method as set forth in claim 1, wherein said 
end and minimum levels of said welding current are 
detected through a low-pass filter. 

3. A method as set forth in claim 2, wherein said 
welding current levels at said left and right end 
positions are read with a time delay corresponding 
to a phase lag of the welding current signal through 
said low-pass filter. 
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FIGURE. 6 
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